Satellite observations of the Ultraviolet Aerosol Index (UVAI) are sensitive to absorption 18 of solar radiation by aerosols; this absorption affects photolysis frequencies and radiative forcing. 19 We develop a global simulation of the UVAI using the 3-D chemical transport model GEOS-Chem 20 coupled with the Vector Linearized Discrete Ordinate Radiative Transfer model (VLIDORT). The 21 simulation is applied to interpret UVAI observations from the Ozone Monitoring Instrument 22 (OMI) for the year 2007. Simulated and observed values are highly consistent in regions where 23 mineral dust dominates the UVAI, but a large negative bias (-0.32 to -0.97) exists between 24 simulated and observed values in biomass burning regions. We determine effective optical 25 properties for absorbing organic aerosol, known as brown carbon (BrC), and implement them into 26 GEOS-Chem to better represent observed UVAI values over biomass burning regions. The 27 addition of absorbing BrC decreases the mean bias between simulated and OMI UVAI values from 28 -0.57 to -0.09 over West Africa in January, from -0.32 to +0.0002 over South Asia in April, from 29 -0.97 to -0.22 over southern Africa in July, and from -0.50 to +0.33 over South America in
September. The spectral dependence of absorption after adding BrC to the model is broadly 31 consistent with reported observations for biomass burning aerosol, with Absorbing Angstrom 32 Exponent (AAE) values ranging from 2.9 in the ultraviolet (UV) to 1.3 across the UV-Near IR chemical transport models have considered the effect of absorption by BrC on atmospheric 91 photochemistry. 92 In this work we introduce brown carbon to the chemical transport model GEOS-Chem and 93 examine its effect on atmospheric absorption and photochemistry, in particular in known biomass 94 burning regions. To evaluate aerosol absorption, section 3 develops a simulation of the UVAI The OMI Ultraviolet Aerosol Index is a method of detecting absorbing aerosols from 105 satellite measurements in the near-UV wavelength region. The UVAI was first observed from the 106 Nimbus-7 TOMS (Total Ozone Mapping Spectrometer) (Herman et al., 1997; Torres et al., 1998) 107 and is currently a product of the OMI Near-UV algorithm (OMAERUV) (Torres et al., 2007) . OMI 108 flies on NASA's Aura satellite and has been taking global daily measurements since 2004. The 109 OMAERUV algorithm uses the 354 and 388 nm radiances measured by OMI to calculate the 110 UVAI according to Torres et al. (1998 Torres et al. ( , 2007 215 Figure 2 shows the monthly mean UVAI values for our base case simulation, which treats 216 organic carbon aerosol as primarily non-absorbing. We also conducted a sensitivity test to determine if the heights of the biomass burning plumes 223 could explain the underestimated absorption. Raising the aerosol layer height to unrealistic 224 altitudes (~10 km above the surface) increased the UVAI by only 0.1-0.3, which is insufficient to 225 account for the differences between the simulation and observations.
226
To further analyze the discrepancies between simulated and observed UVAI, we choose South America in September. Matching the simulated AOD to the satellite AOD changed the 239 UVAI by less than 0.1.
240
We attempt to reconcile the differences between the simulated and OMI UVAI in biomass 241 burning regions by introducing absorbing BrC into GEOS-Chem, as described below. measurements where the organic carbon is extracted from the total biomass burning aerosol sample 251 with the use of solvents provide a more robust estimate (Liu et al., 2013) . Chen and Bond (2010) 252 used methanol to extract organic carbon from a variety of burning wood samples generated in a 253 laboratory and found that 92% of the total organic carbon present in the samples was brown. The filled circles in Figure 3 
where is wavelength ( m), is the density of organic carbon (g m -3 ), and is a conversion 296 constant equal to 1.0x10 12 /4 m 2 g -1 .
297
The background spectrum of Figure 3 shows the k values calculated using Eq. (6). This 298 expression reproduces the full radiative transfer sensitivity simulations with a root mean squared 299 error (RMSE) of 0.004 and a coefficient of determination (r 2 ) value of 0.99. Equation (6) including BrC are much more consistent than the base case simulation at reproducing the OMI 318 UVAI over biomass burning regions (Figure 2 ). The simulated UVAI in the four biomass burning 319 regions now ranges from 0.5-3. As summarized in Table 3 , the correlation coefficients between 320 the simulated and OMI UVAI for the four biomass burning regions now range from 0.57-0.68,
321
with mean biases of -0.22 to +0.33.
322
The simulated UVAI using global mean k values underestimates the OMI observations for 323 the West Africa and southern Africa regions, but overestimates observations in the South
324
American region. We tested how k would need to change to explain the regional UVAI bias if k 325 were the only error source. We find that these regional biases could be eliminated by changing k 2015; Zhong and Jang, 2014) . Representing these processes would improve the simulation in the 339 Regional treatment of BrC loss processes may be warranted in future work. The current 341 implementation offers our best representation of the effective BrC absorption at the global scale.
342 Table 5 shows the calculated AAE values for biomass burning aerosol (i.e. black carbon + 343 organic carbon aerosol) from our simulations for comparison with the literature values in Table 1 . 
Analysis of the effect of absorption by BrC on OH concentrations in GEOS-Chem

363
The strong absorption in the UV by brown carbon aerosol decreases photolysis frequencies, 364 which has implications for ozone photolysis and OH production. Here we examine the effect of which treats organic carbon as primarily scattering, well represents the observed UVAI in most of the world but significantly underestimates the absorption in biomass burning regions. We apply 430 the OMI UVAI to estimate absorption by brown carbon (BrC). This approach exploits the strong 431 absorption by BrC at ultraviolet wavelengths and its effect on top of atmosphere (TOA) radiance. 432 We express the imaginary part of the refractive index of BrC that is required to obtain near-433 identical TOA radiance values as a function of the fraction of primary organic carbon that is brown.
434
This effective refractive index and effective BrC fraction provide a measure of the degree of 435 browness needed to represent the complex processes (e.g. burn conditions, photochemical loss) 436 affecting global BrC and in turn the UVAI.
437
The simulation including absorbing BrC is much more consistent than the base case at which are broadly consistent with field observations.
444
We apply this constraint on ultraviolet absorption to examine implications for the O3 → Ample opportunities exist to further develop the simulations of BrC and more generally of 458 the UVAI. These opportunities include explicitly accounting for the range of processes affecting BrC such as burn conditions, photochemical loss, secondary production, as well as regional 
